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(54) Comparator and voltage controlled oscillator circuit 

(57) An inverter functioning as a comparator, a dum- 
my inverter having the same electric characteristics as 
the inverter, and a control circuit are provided. Vth de- 
tecting input voltage output from the control circuit is in- 
put into the dummy inverter, Vth detecting output voltage 
output from the dummy inverter is input into the control 
circuit, and the threshold voltage of the dummy inverter 
is detected. The threshold voltage of the inverter is con- 
trolled by controlling the back gate voltages of the MOS 
transistors of the dummy inverter and the inverter in 
such a manner that the threshold voltage of the dummy 
inverter coincide with an external reference voltage. 
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Description 

[0001] The present invention relates to a comparator, and in particular to a comparator adapted to control the thresh- 
old voltage of an inverter. Furthermore, this invention relates to a voltage controlled oscillator circuit, and in particular 
5 to a voltage controlled oscillator circuit which oscillates at a high frequency. 

[0002] Comparators are used in analog circuits such as VCO (voltage controlled oscillator circuits) forming PLL 
(phase-locked loops) which are used in portable radio devices and for clock frequency conversion. Recently, the speed 
of analog circuits has been increasing. As a result, a short delay time and a high speed characteristic are required of 
comparators. 

io [0003] Voltage controlled oscillator circuits are used as components of PLL (phase-locked loops) used in portable 
radio devices and for clock frequency conversion. Sometimes the voltage controlled oscillator circuit incorporates two 
comparators. The oscillation frequency of the voltage controlled oscillator circuit is influenced by the delay time of the 
incorporated comparator. Accordingly, for obtaining a voltage controlled oscillator circuit having a high oscillation fre- 
quency, it is necessary to use a comparator which operates at high speed. 

75 [0004] Figs. 1 , 2 and 3 shows circuit symbol, circuit, and output characteristic of a known comparator of inverter type, 
respectively. The conventional comparator 11 is formed of a CMOS inverter including a PMOS transistor Q1 and an 
NMOS transistor Q2. Input voltage Vin is input into gates of these transistors Q1 and Q2. Output voltage Vout is output 
from the drains of the transistors Q1 and Q2 connected in common. 

[0005] This comparator 1 1 formed of the CMOS inverter has an operation delay time of a few nanoseconds, which 
20 is quite short, and therefore it operates at a high speed. The reference voltage of the comparator 11 , i.e., a voltage 
serving as a reference voltage for comparing the magnitude of the input voltage, is the threshold voltage of the tran- 
sistors Q1 and Q2. When the input voltage Vin is lower than the threshold voltage Vth as shown in Fig. 3, the PMOS 
transistor Q1 turns on and consequently the output voltage Vout becomes B H D level which is relatively high in potential. 
On the other hand, when the input voltage Vin is higher than the threshold voltage Vth, NMOS transistor Q2 turns on 
25 and consequently the output voltage Vout becomes V level which is relatively low in potential. 

[0006] Figs. 4, 5 and 6 shows a circuit symbol, circuit, and output characteristic of a conventional differential com- 
parator, respectively. This comparator 12 has a configuration obtained by combining a differential amplifier circuit with 
a single-ended amplifier circuit. The differential amplifier circuit includes PMOS transistors Q3 and Q4, NMOS transis- 
tors Q5 and Q6, and a current source 13. The single-ended amplifier circuit includes a PMOS transistor Q7 and an 
30 NMOS transistor Q8. 

[0007] Gates of the NMOS transistors Q5 and Q6 are supplied with a reference voltage VR and an input voltage vin, 
respectively. A drain output of the transistor Q6 is input into gates of the PMOS transistor Q7 and the NMOS transistor 
Q8. Output voltage Vout is output from the drains of the transistors Q7 and Q8 connected in common. 
[0008] Since the differential amplifier circuit is used in this differential comparator 12, the input voltage Vin can be 

35 compared with the reference voltage VR accurately. In other words, when the input voltage vin is lower than the ref- 
erence voltage VR, then the drain output of the transistor Q6 is u H n level, the NMOS transistor Q8 turns on, and therefore 
the output voltage Vout becomes a L" level as shown in Fig. 6. On the other hand, when the input voltage Vin is higher 
than the reference voltage VR, then the drain output of the transistor Q6 is U L U level, the PMOS transistor Q7 turns on, 
and therefore the output voltage Vout becomes "H" level. 

40 [0009] Fig. 7 is a circuit diagram of a known comparator of chopper type (hereinafter, comparator). This comparator 
includes inverter 14, capacitor 15, latch circuit 16, and first through third switches 17, 18 and 19. The first and second 
switches 1 7 and 1 8 are controlled by a clock signal <X> so as to turn on/off. The third switch 1 9 is controlled by an inverted 
signal AD of the clock signal O (where 7" represents a bar indicating inversion) so as to turn on/off. 
[0010] Fig. 8 is an operation timing diagram of the chopper comparator shown in Fig. 7. When the clock signal O is 

^5 U H" level (in other words, when AD is "L" level), the first and second switches 17 and 18 turn on, resulting in auto zero 
operation. During the period when this auto zero operation is being carried out, voltages V1 and V2 respectively at 
nodes located on input and output sides of the inverter 1 4 become a threshold voltage Vth of the inverter, and a potential 
difference between this threshold voltage Vth and the reference voltage VR is stored in the capacitor 15. 
[0011] When the clock signal <D is "H" level (in other words, when AD is U H" level), the third switch 19 turns on and a 

50 comparison operation is performed. During the period when this comparison operation is being carried out, if the input 
voltage Vin is higher than the reference voltage VR then the output voltage V2 of the inverter 14 becomes "L" level. In 
synchronism with the next rising edge of the clock signal, this is output from the latch circuit 16 as an output voltage 
Vout of V level. On the other hand, during the period the comparison operation is being carried out, if the input voltage 
Vin is lower than the reference voltage VR then the output voltage V2 of the inverter 14 becomes "H" level. In synchro- 

55 nism with the next rising edge of the clock signal, this is output from the latch circuit 16 as an output voltage vout of 
"H" level. 

[0012] Fig. 9 is a circuit diagram of an oscillator circuit comprising two comparators. This oscillator circuit 2 includes 
first and second comparators 21a and 21b, capacitor 22 charged or discharged to supply a comparison voltage Vc to 
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the first and second comparators 21a and 21 b, first and second current sources 23a and 23b for charging or discharging 
the capacitor 22, first and second switches 24a and 24b and inverter 25 for respectively controlling on/off of the first 
and second current sources 23a and 23b, and latch circuit composed of two NAND gates 27a and 27b for latching a 
signal obtained by inverting an output signal of the first comparator 21a by means of inverter 26 and an output signal 

5 of the second comparator 21 b and outputting an oscillation signal as an output voltage Vbut. 

[001 3] The first comparator 21 a is supplied with a voltage signal which is relatively high in potential (hereafter referred 
to as high reference voltage VRH) as a reference voltage. The second comparator 21 b is supplied with a voltage signal 
which is relatively low in potential (hereafter referred to as low reference voltage VRL) as a reference voltage. The first 
switch 24a is controlled by the output signal of the latch circuit, i.e., the oscillation signal. The second switch 24b is 

10 controlled by a signal obtained by inverting the oscillation signal using the inverter 25. 

[001 4] Fig. 10 is an operation timing diagram of the oscillator circuit 2 shown in Fig. 9. When a terminal voltage VC, 
the voltage that increases due to charging, of the capacitor 22 exceeds the high reference voltage VRH, the first 
comparator 21a performs a comparison operation after a delay time td. As a result, an output voltage of the inverter 
26 (a voltage at a node A located on an output side of the inverter 26) supplied with an output signal of the comparator 

15 21 a is switched from "H" level to "L M level. Accordingly, the latch circuit is reset, and the output voltage Vout of the latch 
circuit is switched from "H" level to "L" level. 

[0015] Furthermore, when the terminal voltage of the capacitor 22, i.e., the comparison voltage Vc is lowered due 
to discharging below the low reference voltage VRL, the second comparator 21b performs a comparison operation 
after a delay time td. As a result, an output voltage of the comparator 21 b (a voltage at a node B located on an output 

20 side of the comparator 21 b) supplied with an output signal of the comparator 21 a is switched from "H" level to U L" level. 
Accordingly, the latch circuit is reset, and the output voltage Vout of the latch circuit is switched from "H" level to "L" level. 
[0016] Fig. 11 is a schematic diagram showing the configuration of a known voltage controlled oscillator circuit. This 
voltage controlled oscillator circuit includes first and second differential comparators 110 and 111 , a capacitor 112 for 
supplying a comparison voltage Vc to the first and second comparators 110 and 111, first and second current sources 

25 113 and 1 1 4 for charging or discharging the capacitor 1 1 2, converter circuit 1 1 5 for making each of the first and second 
current sources 113 and 114 generate a current proportionate to the input voltage, first and second switches 116 and 

117 and inverter 118 for respectively controlling on/off of the first and second current sources 113 and 114, and latch 
circuit 119 for latching output signals of the first and second comparators 110 and 111 and outputting an oscillation 
signal of the voltage controlled oscillator circuit. 

30 [0017] Voltage Vin is input into the converter circuit 115 as a control voltage input from the outside to control the 
oscillation frequency of the voltage controlled oscillation circuit shown in Fig. 11. The converter circuit 115 controls the 
first and second current sources 113 and 114, and makes each of the first and second current sources 11 3 and 114 to 
generate a current I proportionate to the input voltage Vin. 

[0018] The first and second current sources 113 and 114 are driven on the basis of an output of the converter circuit 
35 115 and generate the current I proportionate to the input voltage Vin. The positive terminal of the first current source 
1 1 3 is connected to a power supply, and the negative terminal is connected to the first switch 1 1 6. The positive terminal 
of the second current source 114 is connected to the second switch 117, and the negative terminal is connected to the 
ground. 

[001 9] The first and second switches 1 1 6 and 1 1 7 are connected in series. Between the power supply terminal and 
40 the ground, therefore, the first current source 113, the first switch 116, the second switch 117, and the second current 
source 114 are connected in series. 

[0020] The first switch 116 and the second switch 117 turn on/off on the basis of an output voltage Vout of the latch 
circuit 119, i.e., the oscillation signal of thevoltage controlled oscillator circuit shown in Fig. 11 . However, the first switch 
116 and the second switch 117 are supplied with the oscillation signal of the voltage controlled oscillator circuit at 
45 phases shifted from each other by 1 80 degrees in order to prevent both the first switch 116 and the second switch 117 
from turning on simultaneously, i.e., in order to make either the first switch 116 or the second switch 117 turn on 
exclusively. Precisely, for example, the oscillation signal of the voltage controlled oscillator circuit is input into the first 
switch 116 as it is, whereas the oscillation signal of the voltage controlled oscillator circuit is inverted by the inverter 

118 and then input into the second switch 117. 

so [0021] A node between the first-switch 1 16 and the second switch 1 1 7 is connected to one terminal of the capacitor 
112, and further connected to non-inverting input terminals of the first and second comparators 110 and 111. The other 
terminal of the capacitor 112 is connected to the ground. Therefore, the current of the first current source 113 (when 
the first switch 116 is closed) charges the capacitor 112. A voltage Vc generated by this charging is applied to the non- 
inverting input terminals of the first and second comparators 110 and 111 as a comparison voltage. 

55 [0022] On the other hand, when the second switch 117 is closed, the capacitor 112 is discharged by the current 
dragged by the second current source 114. A voltage Vc generated by this discharging is applied to the non-inverting 
input terminals of the first and second comparators 110 and 111 as a comparison voltage. 

[0023] The first comparator 110 is supplied with a reference voltage VRH which is relatively high in potential level 
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(hereafter referred to as high reference voltage VRH) as an input signal of an inverting input terminal thereof. The first 
comparator 110 compares the high reference voltage VRH with the comparison voltage Vc. The output terminal of the 
first comparator 110 is connected to a reset terminal "Reset" of the latch circuit 119. 

[0024] The second comparator 11 1 is supplied with a reference voltage VRL which is relatively low in potential level 
$ (hereafter referred to as low reference voltage VRL) as an input signal of an inverting input terminal thereof. The second 
comparator 111 compares the low reference voltage VRL with the comparison voltage Vc. The output terminal of the 
second comparator 111 is connected to a set terminal VSet" of the latch circuit 119. This set terminal "/Set" becomes 
effective when the input signal is at a relatively low potential level. 

[0025] Operation of the voltage controlled oscillator circuit shown in Fig. 11 will now be described. Fig. 1 2 is a timing 
io chart of the operation. In such a state that the first switch 116 is open (off) and the second switch 117 is closed (on), 
the second current source 1 1 4 drags the current so that the capacitor 1 1 2 is discharged. Therefore, the terminal voltage 
of the capacitor 112, i.e., the comparison voltage Vc of the first and second comparators 110 and 111 gradually falls. 
[0026] During this period, the output voltage of the first comparator 110 becomes a relatively low potential level 
(hereafter referred to as "L" level) , whereas the output voltage of the second comparator 111 becomes a relatively 
is high potential level (hereafter referred to as "H" level). Therefore, the latch circuit 119 keeps its output voltage Vout, i. 
e., the oscillation signal of the voltage controlled circuit at "L" level which is the previous state. In Fig. 12, changes in 
the output voltages of the first and second comparators 110 and 111 are shown as voltage changes at the nodes A 
and B (output terminals of the first and second comparators 110 and 111) shown in Fig. 11. 

[0027] When the comparison voltage Vc further falls and becomes equal to (at time T1 ) or less than the low reference 
20 voltage VRL, the output voltage of the second comparator 111 switches to "L" level. As a matter of fact, however, a 
delay is caused in the operation of the second comparator 111. Therefore, the output voltage of the second comparator 
111 switches to V level when a delay time td has elapsed (at time T2) since this is the time when the comparison 
voltage Vc has become equal to or less than the low reference voltage VRL (at time T1). 

[0028] At this time, the output voltage of the first comparator 1 1 0 remains at "L" level. Therefore, the latch circuit 119 
25 js set, and the output voltage Vout of the latch circuit 119 switches to B H U level at time T2. 

[0029] Since the output voltage Vout of the latch circuit 119 switches to "H" level, the second switch 117 turns off 
and the first switch 116 closes (turns on) at time T2. As a result, a current of the first current source 113 flows, and the 
capacitor 112 begins to be charged due to this current. 

[0030] Therefore, the terminal voltage of the capacitor 112, i.e., the comparison voltage Vc of the first and second 
30 comparators 1 1 0 and 111, begins to rise. When the comparison voltage Vc exceeds the low reference voltage VRL (at 
time T3), the output voltage of the second comparator 111 switches to "H" level. As a matter of fact, however, a delay 
is caused in the operation of the second comparator 111. Therefore, the output voltage of the second comparator 111 
switches to "HP level when a delay time td has elapsed (at time T4) since time T3. 

[0031] At this time, the output voltage of the first comparator 110 remains at "L" level. Therefore, the latch circuit 119 
35 keeps its output voltage Vout at "H° level. When the terminal voltage of the capacitor 112, i.e. the comparison voltage 
Vc, further rises and exceeds the high reference voltage VRH (at time T5), the output voltage of the first comparator 
1 10 switches to "H" level. 

[0032] As a matter of fact, however, a delay is caused in the operation of the first comparator 110. Therefore, the 
output voltage of the first comparator 110 switches to "H" level when a delay time td has elapsed (at time T6) since 
40 time T5. At this time, the output voltage of the second comparator 111 remains at "H" level. Therefore, the latch circuit 
119 is reset, and the output voltage Vout switches to "L" level at time T6. 

[0033] Since the output voltage Vout of the latch circuit 119 switches to n L n level, the first switch 116 turns off and 
the second switch 117 closes (turns on) again at the time T6. As a result, the capacitor 112 begins to be discharged 
due to the current of the second current source 114. Therefore, the terminal voltage of the capacitor 112, i.e., the 

45 comparison voltage Vc of the first and second comparators 110 and 111 begins to fall. 

[0034] When the comparison voltage Vc has become equal to or less than the high reference voltage VRH (at time 
T7), the output voltage of the comparator 110 switches to V level. As a matter of fact, however, a delay is caused in 
the operation of the first comparator 110. Therefore, the output voltage of the first comparator 110 switches to M L n level 
when a delay time td has elapsed (at time T8) since time T7. 

so [0035] At this time, the output voltage of the second comparator 111 remains at "H" level. Therefore, the latch circuit 
119 keeps its output voltage Vout at "L" level. The voltage controlled oscillator circuit shown in Fig. 11 repeats such 
operation. 

[0036] Assuming the change in the comparison voltage Vc per unit time At to be AV, a period T of the voltage controlled 
oscillator circuit shown in Fig. 1 1 is represented by the following equation (1 ) 

55 

T = {2-(VRH - VRL) / ( AV/At)} + 4<td (1 ) 
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[0037] Assuming the capacitance of the capacitor 1 1 2 to be C, and the current flowing through the first and second 
current sources 113 and 114 to be I, AV/At in the equation (1) is represented by the following equation (2). 



5 (AV/At) = l/C (2) 

[0038] The converter circuit 115 makes the first and second current sources 113 and 114 let flow the current I pro- 
portionate to the input voltage Vin. Assuming the constant of proportionality between the input voltage Vln and the 
current I to be K, the current I is represented by the following equation (3). From the equation (3), therefore, the equation 
10 (2) can be rewritten as represented by the following equation (4). Finally, the equation (1 ) can be rewritten as repre- 
sented by the following equation (5). 



75 



20 



I = K-Vin (3) 
AV/At = K-Vin/C (4) 
T = {2-(VRH - VRL) / (K-Vin)} + 4-td (5) 



[0039] For example, in the case of the oscillator circuit having the configuration shown in Fig. 9, it is necessary to 
perform comparison between the comparison voltage and the high and low reference voltages VRH and VRL accurately 
at high speed for generating a fast and accurate oscillation frequency. Furthermore, in the oscillator circuit 2, it is 
25 impossible to synchronize the timing when the comparison voltage Vc becomes equal to the high reference voltage 
VRH or low reference voltage VRL with an external clock. 

[0040] The reason for this is as follows. When an external clock is used in the oscillator circuit 2, edges of the 
oscillation are synchronized to this clock. This results in inconvenience such as dispersion in oscillation periods or 
discontinuity in period setting. Therefore, in the oscillation circuit 2 having the configuration shown in Fig. 9, it is nec- 

30 essary that the first and second comparators 21a and 21b perform the comparison operation continuously. 

[0041] In the conventional comparator of inverter type explained with reference to Figs. 1 through 3, however, the 
threshold voltage determined by characteristics of the PMOS and NMOS transistors Q1 and Q2 serves as the reference 
voltage. This results in a problem that the reference voltage, i.e., the threshold voltage is extremely inaccurate because 
of factors such as dependence upon power supply voltage, dependence upon temperature, and dependence upon 

35 sampling. Therefore, it is difficult to perform accurate comparison operation using the conventional comparator of 
inverter type. Therefore, this comparator is inappropriate to the above described oscillation circuit. 
[0042] Furthermore, in the conventional differential comparator explained with reference to Figs. 4 through 6, its 
operation speed is restricted by the operation speed of the differential amplifier circuit. For example, in the case where 
the differential amplifier circuit has a CMOS configuration, therefore, the delay time becomes as long as several tens 

40 of nanoseconds. Therefore, it is difficult to perform a comparison operation at high speed using the conventional dif- 
ferential comparator. Therefore, this comparator is also inappropriate to the above described oscillation circuit. 
[0043] Furthermore, in the known chopper comparator explained with reference to Figs. 7 and 8, auto zero operation 
is performed during an interval of half a period of the clock signal and consequently the comparison operation cannot 
be performed during that interval. As a result, the conventional comparator of chopper type cannot be used when 

45 performing comparison in an asynchronous manner. Therefore, the conventional chopper comparator is also inappro- 
priate to the above described oscillation circuit. 

[0044] Furthermore, as represented by the equation (5), the period T of the voltage controlled oscillator circuit be- 
comes longer than the original oscillation period by four times (4-td) the delay time td of the first and second comparators 
110 and 111 . In calculation, therefore, a maximum value of the oscillation frequency (reciprocal of the period T) of the 

50 voltage controlled oscillator circuit becomes a frequency represented by a reciprocal of 4-td. 

[0045] The delay time td of a typical differential comparator is approximately 50 ns. In the conventional voltage 
controlled oscillator circuit, therefore, upper limit of its oscillation frequency is approximately 20 MHz in calculation. In 
the actual circuit design, therefore, the oscillation frequency must be suppressed to approximately 10 MHz. This fre- 
quency is insufficient for operating the voltage controlled oscillator circuit at high speed. 

55 [0046] The present invention has been achieved in view of the above described problems. Embodiments of the 
present invention aim to provide a comparator capable of performing fast and accurate comparison operations contin- 
uously. Another aim of such embodiments is to provide a faster voltage controlled oscillator circuit capable by using a 
faster chopper comparator. 
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[0047] The invention is defined in the attached independent claims, to which reference should now be made. Further, 
preferred features may be found in the subclaims appended thereto. 

[0048] Fig. 13 is a diagram illustrating the principle of a comparator according to an embodiment of the present 
invention. This comparator 3 includes inverter 31 , dummy inverter 32, and control circuit 33. The inverter 31 functions 
s to compare input voltage Vin with the threshold voltage Vth serving as a reference voltage at the time of comparison, 
and output the output voltage Vout. The control circuit 33 functions to control the threshold voltages Vth of the inverter 
31 and the dummy inverter 32. 

[0049] The inverter 31 and the dummy inverter 32 are adapted to be controlled for their threshold voltage Vth by a 
Vth control voltage Vtc output from the control circuit 33. The inverter 31 and the dummy inverter 32 have the same 
10 configuration, and they are disposed in close vicinity to each other and are fabricated on the same semiconductor 
substrate by using the same process. Therefore, their electric characteristics, for example, their threshold voltages Vth 
can be regarded to be approximately equal. 

[0050] The dummy inverter 32 is supplied with a Vth detecting input voltage Vin' output from the control circuit 33. 
The dummy inverter 32 outputs a Vth detecting output voltage Vout' to the control circuit 33. The control circuit 33 
15 generates the Vth detecting input voltage Vin' and outputs it to the dummy inverter 32. In addition, the control circuit 
33 receives the Vth detecting output voltage Vout 1 from the dummy inverter 32. The control circuit 33 is supplied with 
a reference voltage VR from outside. 

[0051] Operation of the comparator 3 having the configuration as shown in Fig. 1 3 will now be described. The control 
circuit 33 supplies the Vth detecting input voltage Vin' to the dummy inverter 32. The dummy inverter 32 outputs the 
20 vth detecting output voltage Vout 1 based on the Vth detecting input voltage Vin' and the threshold voltage Vth. The 
control circuit 33 detects the threshold voltage Vth of the dummy inverter 32 based on the Vth detecting output voltage 
Vout' and the Vth detecting input voltage Vin'. 

[0052] The control circuit 33 compares in magnitude the detected threshold voltage Vth of the dummy inverter 32 
with the reference voltage VR input from the outside. On the basis of a result of the comparison, the control circuit 33 
25 adjusts a Vth control voltage Vtc so as to make the threshold voltage Vth of the dummy inverter 32, i.e., the threshold 
voltage Vth of the inverter 31 serving as a comparator coincide with the external reference voltage VR. The control 
circuit 33 outputs the Vth control voltage Vtc to the dummy inverter 32 and the inverter 31 . 

[0053] As a result, the threshold voltage Vth of the inverter 31 and the dummy inverter 32 become coincident with 
the fixed reference voltage VR. Therefore, it becomes possible to use the inverter 31 as a comparator for performing 
30 comparison operation at high precision. Furthermore, since the delay time of the inverter 31 is as small as a few 
nanoseconds, a faster comparator is realized. Furthermore, since the inverter 31 can operate continuously, it can be 
used also in the case where comparison is performed asynchronously. 

[0054] The principle of the fact that the threshold voltage Vth of the inverter 31 and the dummy inverter 32 can be 
controlled using the Vth control voltage Vtc output from the control circuit 33 will now be described by referring to Fig. 
35 14. As for the threshold voltage of an NMOS transistor (as well as a PMOS transistor), the threshold voltage Vthn of 
an NMOS transistor with respect to a reference voltage is a function of a back gate voltage VBn of the NMOS transistor, 
and it can be represented by the following equation (6). 

40 Vthn (VBn) = Vthn + AVthn (VBn) (6) 

[0055] The Avthn (VBn) in equation (6) is represented by the following equation (7). In equation (7), Kn andOFn are 
coefficients depending upon the fabrication process of the transistor or the temperature. 

45 

AVthn (VBn) = Kn (V (2-OFn - VBn) - V (2-OFn)) (7) 

[0056] Representing the threshold voltage of a PMOS transistor with respect to a substrate voltage by Vthp, a back 
gate voltage of the PMOS transistor by VBp, and the ratio of a current amplification factor pn of the NMOS transistor 
50 to a current amplification factor pp of the PMOS transistor by PR (PR = pn/pp), the threshold voltage Vth of the inverter 
is represented by the following equation (8). The VDD in equation (8) is a power supply voltage. 

Vth = (VDD - IVthp(VBn)l 

55 

+ Vthn(VBp) . V PR) / (1 + V PR) (8) 
[0057] From this equation (8), it will be understood that the threshold voltage of the inverter can be controlled by 



6 



EP 1 058 385 A2 



controlling the back gate voltage VBn of the NMOS transistor and/or the back gate voltage VBp of the PMOS transistor. 
In the present invention, therefore, the back gate voltage of the NMOS transistor and the PMOS transistor forming 
each of the inverter 31 and the dummy inverter 32 may be controlled in order to control the threshold voltage of the 
inverter 31 and the dummy inverter 32. 

[0058] Fig. 22 is a schematic diagram showing a circuit configuration for description of a principle of a voltage con- 
trolled oscillator circuit according to the present invention. Fig. 23 is a timing chart illustrating operation of the voltage 
controlled oscillator circuit. 

[0059] As shovm in Fig. 22, a voltage controller oscillator circuit according to an embodiment of the present invention 
includes two chopper comparators 120 and 121 (a first chopper comparator and a second chopper comparator), ca- 
pacitor 1 22 for supplying a comparison voltage Vc to the two comparators 1 20 and 121, first and second current sources 
123 and 124 for charging or discharging the capacitor 122, and converter circuit 125 for making the first and second 
current sources 123 and 124 generate a current I proportionate to input voltage Vin. 

[0060] The voltage controlled oscillator circuit further includes first and second switches 126 and 127 and inverter 
128 for controlling on/off of the first and second current sources 123 and 124. A logic circuit 129 latches the output 
signals of the first and second comparators 120 and 121 , outputs the output voltage Vout that serves as an oscillation 
signal of the voltage controlled oscillator circuit and generates clock signal <£1 and /0>1 (where M>1 is an inverted signal 
of 0>1) for switching operation of the first and second chopper comparators 120 and 121. This logic circuit 129 has a 
function of an output switching circuit. 

[0061] The converter circuit 125 is supplied with, as its input voltage vin, a control voltage input from the outside in 
order to control an oscillation frequency of a voltage controlled oscillator circuit. 

The converter circuit 125 controls the first and second current sources 123 and 124, and makes each of the first and 
second current sources 123 and 1 24 to generate a current I proportionate to the input voltage Vin. 
[0062] The first and second current sources 1 23 and 1 24 are driven on the basis of an output of the converter circuit 
125 and generate the current I proportionate to the input voltage vin. The positive terminal of the first current source 
1 23 is connected to a power supply terminal, and the negative terminal is connected to the first switch 1 26. The positive 
terminal of the second current source 1 24 is connected to the second switch 1 27, and the negative terminal is connected 
to the ground. 

[0063] The first and second switches 1 26 and 1 27 are connected in series. Between the power supply terminal and 
the ground, therefore, the first current source 123, the first switch 126, the second switch 127, and the second current 
source 1 24 are connected in series. 

[0064] The first switch 126 and the second switch 127 turn on/off on the basis of an output voltage Vout of the logic 
circuit 129, i.e., the oscillation signal of the voltage controlled oscillator circuit according to an embodiment of the 
present invention. 

However, the first switch 126 and the second switch 127 are supplied with an input signal for their on/off control, i.e., 
the oscillation signal of the voltage controlled oscillator circuit at phases shifted from each other by 180 degrees in 
order to prevent both the first switch 126 and the second switch 127 from turning on simultaneously, i.e., in order to 
make either the first switch 1 26 or the second switch 1 27 turn on exclusively. 

[0065] Precisely, for example, the oscillation signal of the voltage controlled oscillator circuit is input into the first 
switch 126 as it is, whereas the oscillation signal of the voltage controlled oscillator circuit is inverted by the inverter 
128 and then input into the second switch 127. 

[0066] A node between the first switch 126 and the second switch 127 is connected to one terminal of the capacitor 
122, and further connected to non-inverting input terminals of the first and second comparators 120 and 121. 
[0067] The other terminal of the capacitor 122 is connected to ground. When the first switch 126 is closed (on), 
therefore, the capacitor 122 is charged due to the current of the first current source 123. A voltage Vc generated by 
this charging is applied to the first and second comparators 120 and 121 as a comparison voltage. On the other hand, 
when the second switch 127 is closed (on), the capacitor 122 is discharged due to the current dragged by the second 
current source 1 24. A voltage Vc generated by this discharging is applied to the first and second comparators 1 20 and 
121 as a comparison voltage. 

[0068] The first and second chopper comparators 1 20 and 1 21 are adapted to be alternately switched from a com- 
parison operation state to an auto zero state and vice versa by the clock signals <X>1 and /<D1 . For example, when the 
clock signal <D1 is B H" level, the first comparator 120 supplied with a reference voltage VRH which is relatively high in 
potential level performs comparison operation. On the other hand, the second comparator 1 21 supplied with a reference 
voltage VRL which is relatively low in potential level is in the auto zero state. 

[0069] In this state, the first switch 126 is closed and the second switch 127 is open. As a result, the capacitor 122 
is charged. Therefore, the terminal voltage of the capacitor 1 22, i.e., the comparison voltage Vc of the first and second 
comparators 120 and 121 gradually rises. Therefore, it is sufficient that the first comparator 120 having the reference 
voltage VRH compares the comparison voltage Vc with the threshold voltage VRH. Thus, even if the second comparator 
121 having the reference voltage VRL is in the auto zero state, there occurs no inconvenience at all. 
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[0070] In contrast with this, when the clock signal <D1 is V level, the first comparator 1 20 supplied with the reference 
voltage VRH is in the auto zero state. On the other hand, the second comparator 121 supplied with the reference 
voltage VRL performs comparison operation. In this state, the first switch 126 is open (off) and the second switch 127 
is closed (on) . As a result, the capacitor 122 is discharged. Therefore, the terminal voltage of the capacitor 122, i.e., 
5 the comparison voltage Vc of the first and second comparators 120 and 121 gradually falls. 

[0071] Therefore, it is sufficient that the second comparator 121 having the reference voltage VRL compares the 
comparison voltage Vc with the threshold voltage VRL. Thus, even if the first comparator 120 having the reference 
voltage VRH is in the auto zero state, there occurs no inconvenience at all. 

[0072] The logic circuit 1 29 incorporates a latch circuit for latching the output signals of the first and second compa- 
10 rators 120 and 121. This latch circuit is not illustrated. In addition, the logic circuit 129 incorporates a clock signal 
generation circuit for generating the clock signals <D1 and M>1 . This clock signal generation circuit is also not illustrated. 
The clock signal generation circuit generates the clock signal <I>1 in synchronism with and with a slight delay as com- 
pared with an output voltage Vout of the logic circuit 129, i.e., the oscillation signal of the voltage controlled oscillator 
circuit according to the present invention. The clock signal generation circuit supplies this clock signal 0>1 to the first 
15 comparator 1 20 having the reference voltage VRH. 

[0073] Furthermore, the clock signal generation circuit shifts the phase of the clock signal <D1 by 180 degrees and 
supplies the resultant clock signal to the second comparator 121 having the reference voltage VRL. Therefore, the 
clock signal generation circuit of the logic circuit 129 has a function of a delay circuit for delaying the output voltage 
Vout of the logic circuit 129 by a predetermined time and outputting the delayed signal. 
20 [0074] Operation of the voltage controlled oscillator circuit shown in Fig. 22 will now be described by referring to Fig. 
23. In such a state that the first switch 126 is open (off) and the second switch 127 is closed (on), the second current 
source 1 24 draggers the current so that the capacitor 1 22 is discharged. Therefore, the terminal voltage of the capacitor 
122, i.e., the comparison voltage Vc of the second comparator 121 gradually falls. 

[0075] In this state, the second comparator 1 21 having the reference voltage VRL performs the comparison operation, 
25 whereas the first comparator 1 20 having the reference voltage VRH is in the auto zero state. The output voltage of the 

second comparator 121 is "H" level, and the output voltage Vout of the logic circuit 129 becomes "L" level. In Fig. 23, 

changes in the output voltages of the first and second comparators 120 and 121 are shown as voltage changes at 

nodes A and B (output terminals of the first and second comparators 120 and 121 ) shown in Fig. 22. 

[0076] When the comparison voltage Vc further falls and becomes equal to or less than the low reference voltage 
30 VRL (at time T11 ) and a delay time caused by the second comparator 1 21 has elapsed (at time T1 2), then the output 

voltage of the second comparator 121 switches to "L" level. Therefore, the output voltage Vout of the logic circuit 1 29 

switches to "H" level at time T12. 

[0077] Since the output voltage Vout of the logic circuit 129 switches to "H u level, the second switch 127 turns off 
and the first switch 126 closes (turns on) at time T12. As a result, a current from the first current source 123 flows, and 
35 the capacitor 1 22 begins to be charged by this current. 

[0078] Therefore, the terminal voltage of the capacitor 122, i.e., the comparison voltage Vc of the first comparator 

120 begins to rise. In this state, the first comparator 120 having the reference voltage VRH performs the comparison 
operation, whereas the second comparator 1 21 having the reference voltage VRL is in the auto zero state. The output 
voltage of the first comparator 120 is "L" level, and the output voltage Vbut of the logic circuit 129 is "H" level. 

40 [0079] When the terminal voltage of the capacitor 1 22, i.e., the comparison voltage Vc further rises and exceeds the 
high reference voltage VRH (at time T13), and a delay time caused by the first comparator 120 has elapsed (at time 
T14), then the output voltage of the first comparator 120 switches to "H" level. Therefore, the output voltage Vout of 
the logic circuit 1 29 switches to V level at time T14. 

[0080] Since the output voltage Vout of the logic circuit 129 switches to "L" level, the first switch 126 turns off and 
45 the second switch 1 27 closes (turns on) also at time T14. As a result, the capacitor 1 22 begins to be discharge again. 
[0081] Therefore, the terminal voltage of the capacitor 122, i.e., the comparison voltage Vc of the second comparator 

121 begins to fall again. The first comparator 1 20 having the reference voltage VRH is brought into the auto zero state, 
whereas the second comparator 1 21 having the reference voltage VRL performs the comparison operation. The output 
voltage of the second comparator 121 is kept at "H" level, and the output voltage Vout of the logic circuit 129 is a L" 

50 level. The voltage controlled oscillator circuit shown in Fig. 22 repeats such operation. 

[0082] Thus, in accordance with the present invention, the comparison between the comparison voltage based upon 
the control voltage for controlling the oscillation frequency of the voltage controlled oscillation circuit and the reference 
voltage is performed by the faster chopper comparator. As a result, the voltage controlled oscillator circuit can operate 
at higher speed. 

55 [0083] Preferred embodiments of the present invention will now be described, by way of example only, with reference 
to the accompanying drawings, in which: 

Fig. 1 is a symbolic representation of a known comparator of inverter type; 
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Fig. 2 is a circuit diagram of the known comparator of inverter type; 

Fig. 3 shows output characteristics of the known comparator of inverter type; 

Fig. 4 is a symbolic representation of a known differential comparator; 

Fig. 5 is a circuit diagram of the known differential comparator; 
5 Fig. 6 shows output characteristics of the known differential comparator; 

Fig. 7 is a circuit diagram of a known chopper comparator; 

Fig. 8 is an operation timing diagram of the known comparator of chopper type; 

Fig. 9 is a circuit diagram of an oscillator circuit using a comparator; 

Fig. 10 is an operation timing diagram of the oscillator circuit using a comparator; 
*0 Fig. 11 is a schematic diagram showing the configuration of a known voltage controlled oscillator circuit; 

Fig. 12 is a timing chart illustrating the operation of the voltage controlled oscillator circuit shown in Fig. 11; 

Fig. 1 3 is a diagram illustrating the principle of a comparator according to the present invention; 

Fig. 14 is a diagram illustrating the control principle of threshold voltage of an inverter forming a comparator ac- 
cording to the present invention; 
15 Fig. 1 5 is a circuit diagram showing the configuration of a first embodiment of a comparator according to the present 

invention; 

Fig. 16 is a circuit diagram showing the configuration of an inverter in the first embodiment of a comparator ac- 
cording to the present invention; 

Fig. 17 is a circuit diagram showing another example of the inverter; 
20 Fig. 1 8 is a circuit diagram showing another example of the inverter; 

Fig. 19 is a circuit diagram showing another example of the inverter; 

Fig. 20 is a circuit diagram showing the configuration of a second embodiment of a comparator according to the 
present invention; 

Fig. 21 is an operation timing diagram of the second embodiment of a comparator according to the present inven- 
ts tion; 

Fig. 22 is a schematic diagram showing a circuit configuration for illustrating the principle of a voltage controlled 
oscillator circuit according to the present invention; 

Fig. 23 is a timing chart illustrating the operation of the voltage controlled oscillator circuit shown in Fig. 22; 
Fig. 24 is a schematic diagram showing the circuit configuration of a third embodiment of a voltage controlled 
30 oscillator circuit according to the present invention; and 

Fig. 25 is a timing chart illustrating the operation of the voltage controlled oscillator circuit shown in Fig. 24. 

[0084] Hereafter, an embodiment of a comparator according to the present invention will be described by referring 
to Figs. 15 through 21. 

35 [0085] Fig. 1 5 is a circuit diagram showing with circuit symbols the configuration of the first embodiment of the com- 
parator according to the present invention. The comparator 4 of the first embodiment includes an inverter 41 for com- 
paring the input voltage Vin with its threshold voltage Vth and outputting the output voltage Vout, a dummy inverter 42 
which can be regardec as having the same electric characteristics as those of the inverter 41 to control the threshold 
voltage Vth of the inverter 41 , and a control circuit 43 for controlling the thresholc voltages Vth of the inverter 41 and 

40 the dummy inverter 42. 

[0086] The control circuit 43 includes a differential amplifier circuit 44. The differential amplifier circuit 44 is supplied 
with an external reference voltage VR at its non-inverting input terminal. On the other hand, a Vth detecting output 
voltage Vout' which is an output signal of the dummy inverter 42 is input into an inverting input terminal. 
[0087] The differential amplifier circuit 44 outputs a Vth control voltage Vtc for controlling the threshold voltages Vth 

45 of the inverters 41 and 42. The inverter 41 and the dummy inverter 42 have such a configuration that the threshold 
voltage Vth is controlled by the Vth control voltage Vtc input thereto. Furthermore, the Vth detecting output voltage 
Vout' is input into input terminals of the inverter 41 and the dummy inverter 42 as Vth detecting input voltage Vin'. 
[0088] Fig. 16 is a circuit diagram showing the example of the inverter 41 or the dummy inverter 42. In Fig. 16, 
reference numerals of the inverter 41 are shown. The reference numerals of the dummy inverter 42 are shown in 

50 parentheses. (This holds true for Figs. 1 7 through 1 9 as well.) 

[0089] In the inverter 41 (or dummy inverter 42), the Vth control voltage Vtc output from the differential amplifier 
circuit 44 of the control circuit 43 is applied to a back gate of a PMOS transistor Q3, and an output voltage of level 
shifter 45 to which the Vth control voltage Vtc is input is applied to a back gate of NMOS transistor Q4. 
[0090] The level shifter 45 includes NMOS transistor Q5 serving as a load resistor and current source 46. The Vth 

55 control voltage Vtc is input into the gate of the NMOS transistor Q5. The level shifter 45 outputs a source voltage of 
the NMOS transistor Q5 to the NMOS transistor Q4. 

[0091] Effects of the first embodiment will now be described. The Vth detecting input voltage vin' of the dummy 
inverter 42 is short-circuited to the Vth detecting output voltage Vout', resulting in direct current feedback. As a result, 
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the Vth detecting output voltage Vout' becomes the threshold voltage Vth of the dummy inverter 42. 
[0092] A difference between the Vth detecting output voltage Vout', i.e., the threshold voltage Vth of the dummy 
inverter 42 and the reference voltage VR is amplified by the differential amplifier circuit 44. The amplified difference is 
input into the inverter 41 and the dummy inverter 42 as the Vth control voltage Vtc. As a result, control is effected so 
5 as to make the threshold voltages Vth of the inverter 41 and the dummy inverter 42 coincide with the reference voltage 
VR. 

[0093] According to the first embodiment, the dummy inverter 42 having the same electric characteristics as those 
of the inverter 41 functioning as the comparator is provided. The Vth detecting input voltage Vin' of the dummy inverter 
42 is short-circuited to the Vth detecting output voltage Vout' to make the Vth detecting output voltage Vout' coincide 
10 with the threshold voltage Vth of the dummy inverter 42. Thereby, the threshold voltage Vth of the dummy inverter 42 
is detected. 

[0094] By controlling the back gate voltages of the MOS transistors Q3 and Q4 respectively forming the dummy 
inverter 42 and the inverter 41 so as to make the threshold voltage Vth coincide with the external reference voltage 
VR, the threshold voltage Vth of the inverter 41 can be controlled. Thus, by using the inverter 41 , a comparator capable 
15 of continuously performing fast and accurate comparison is obtained. 

[0095] Furthermore, the first embodiment has the advantage of having higher sensitivity because the back gate 
voltages of both the PMOS transistor Q3 and the NMOS transistor Q4 are controlled. 

[0096] In this embodiment, the threshold voltage Vth of the inverter 41 and the dummy inverter 42 are controlled by 
controlling the back gate voltages of the PMOS transistor Q3 and the NMOS transistor Q4. However, the configuration 

20 is not restricted to this. For example, the back gate voltage of only the PMOS transistor Q3 may be controlled as shown 
in Fig. 17. Or the back gate voltage of only the NMOS transistor Q4 may be controlled as shown in Fig. 18. 
[0097] By doing so, the level shifter 45 becomes unnecessary. Therefore, there are advantages that the circuit size 
of the comparator becomes small, and when the back gate voltages of both the PMOS transistor Q3 and the NMOS 
transistor Q4 cannot be controlled. 

25 [0098] Furthermore, it is also possible to connect the PMOS transistor Q7 and the NMOS transistor Q8 respectively 
in series with the sources of the PMOS transistor Q3 and the NMOS transistor Q4 as shown in Fig. 1 9, apply the Vth 
control voltage Vtc to the gate of the PMOS transistor Q7, shift the level of the Vth control voltage Vtc by using the 
level shifter 45, and apply the shifted voltage to gate of the NMOS transistor Q8. 

[0099] The threshold voltage Vth of the inverter composed of the PMOS transistor Q3 and the NMOS transistor Q4 
30 may be controlled by controlling the gate voltages of the PMOS transistor Q7 and the NMOS transistor Q8 thus con- 
nected in series. By doing so, a highly stable comparator is obtained. 

[0100] Fig. 20 is a circuit diagram showing with circuit symbols the configuration of the second embodiment of the 
comparator according to the present invention. The comparator 5 of the second embodiment includes inverter 51 for 
comparing the input voltage Vin with its threshold voltage Vth and outputting the output voltage Vout, dummy inverter 
35 52 which can be regarded as having the same electric characteristics as those of the inverter 51 to control the threshold 
voltage Vth of the inverter 51 , and control circuit 53 for controlling the threshold voltages Vth of the inverter 51 and the 
dummy inverter 52. 

[0101] The control circuit 53 includes differential amplifier circuit 54, internal comparator 55 of, for example, differ- 
ential type, first low-pass filter (LPF) 56, second low-pass filter (LPF) 57, and triangular wave generator circuit 58 which 
40 is an alternating current signal generator circuit. The triangular wave generator circuit 58 generates, for example, a 
triangular wave signal which is an alternating current signal, and outputs it to the input terminal of the dummy inverter 
52 as a Vth detecting input voltage vin'. The dummy inverter 52 outputs a Vth detecting output voltage Vout 1 . The Vth 
detecting output voltage Vout' is input into the first low-pass filter 56, where a voltage signal VO of a direct current 
component is extracted. 

^5 [0102] Furthermore, the triangular wave generator circuit 58 outputs the generated triangular signal to the inverting 
input terminal of the differential comparator 55. The non-inverting input terminal of the differential comparator 55 is 
supplied with an external reference voltage VR. In other words, the differential comparator 55 compares the triangular 
wave signal generated by the triangular wave generator circuit 58 with the external reference voltage VR, and outputs 
a square wave signal V1 . The square wave signal V1 output from the differential comparator 55 is input into the second 

50 low-pass filter 57, where a voltage signal VV of a direct current component is extracted. 

[0103] Two voltage signals V0 and VV of direct current components respectively output from the first and second 
low-pass filters 56 and 57 are input into the inverting input terminal and the non-inverting input terminal of the differential 
amplifier circuit 54, respectively. The differential amplifier circuit 54 amplifies a difference between the voltage signals 
V0 and VV of direct current components, and outputs the amplified difference as the Vth control voltage Vtc for con- 

55 trolling the threshold voltages Vth of the inverter 51 and the dummy inverter 52. 

[0104] The inverter 51 and the dummy inverter 52 have the same configurations as those of the inverter 41 and the 

dummy inverter 42 of the first embodiment, and to avoid repetition, their description will be omitted. 

[0105] Effects of the second embodiment will now be described. Fig. 21 is an operation timing diagram of the com- 
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parator 5 of the second embodiment. The Vth detecting input voltage vln' formed of a triangular wave signal output 
from the triangular wave generator circuit 58 is sliced in the dummy inverter 52 using the threshold voltage Vth. As a 
result, the Vth detecting output voltage Vout' in the form of a square wave is obtained. A triangular wave signal output 
from the triangular wave generator circuit 58 is sliced in the comparator 55 included in the control circuit 53 using the 
5 external reference voltage VR. As a result, a square wave signal V1 is obtained. 

[0106] By the low-pass filters 56 and 57, voltage signals V0 and V1 1 of direct current components are extracted from 
those two square wave signals, i.e. , the Vth detecting output voltage Vout' and the signal V1 , respectively. The difference 
between those voltage signals V0 and VV is amplified in the differential amplifier circuit 54. The Vth control voltage 
Vtc is thus obtained. 

10 [0107] By this Vth control voltage Vtc, the threshold voltage Vth of the dummy inverter 52 is controlled and the duty 
ratio of the Vth detecting output voltage Vout 1 is changed. When the duty ratio of the Vth detecting output voltage Vout' 
coincides with the duty ratio of the signal V1 , the voltage signal V0 of the direct current component extracted from the 
Vth detecting output voltage Vout* coincides with the voltage signal V1 ' of the direct current component extracted from 
the signal V1 . In other words, the difference between the two input signals of the differential amplifier circuit 54 becomes 

i& zero. 

[0108] Therefore, the output signal of the differential amplifier circuit 54, i.e., the Vth control voltage Vtc becomes 
zero. At this time, the threshold voltage Vth of the dummy inverter 52, i.e., the threshold voltage Vth of the inverter 51 
coincides with the external reference voltage VR. 

[0109] In this second embodiment, the threshold voltage Vth of the inverter 51 can be controlled using the inverter 
20 51 . Therefore, a comparator capable of continuously performing fast and accurate comparison is obtained. 

[0110] In these embodiments, the inverter 41 or 51 functioning as a comparator is provided one in number. However, 
this is not restrictive, but a plurality of inverters each functioning as an inverter may be provided. In this case, the 
dummy inverter also may be one or more. 

[0111] A third embodiment of the present invention will now be described in detail by referring to Figs. 24 and 25. 

25 Fig. 24 is a schematic diagram showing the third embodiment of a voltage controlled oscillator circuit according to the 
present invention. Fig. 25 is a timing chart illustrating the operation of this voltage controlled oscillator circuit. 
[0112] As shown in Fig. 24, this voltage controlled oscillator circuit includes first and second chopper comparators 
103 and 104, capacitor 105 for supplying a comparison voltage Vc to first and second comparators 103 and 104, first 
and second current sources 161 and 162 for charging or discharging the capacitor 105, converter circuit 107 for making 

30 the first and second current sources 161 and 162 generate a current I proportionate to the input voltage vln, first and 
second switches 166 and 167 and an inverter 165 for controlling on/off of the first and second current sources 161 and 
162, and a logic circuit 108 having a function of an output switching circuit for latching output signals of the first and 
second comparators 1 03 and 1 04 and outputting the output voltage Vout serving as the oscillation signal of the voltage 
controlled oscillator circuit. The logic circuit 108 functions to generate the clock signals <D1 and <J>2 (where 02 is an 
inversion signal of <t>1) for switching operation of the first and second chopper comparators 103 and 104. Here, the 
input voltage Vin is a control voltage input from outside in order to control the oscillation frequency of the voltage 
controlled oscillation circuit. 

[0113] The converter circuit 107 includes, for example, operational amplifier 1 71 , first and second PMOS transistors 
172 and 173, NMOS transistor 174 and, resistor 175. The input voltage Vln is input into the inverting input terminal of 
40 the operational amplifier 171. A voltage generated by a resistor 175 (depending upon the resistance of the resistor 
175) is input into the non-inverting input terminal of the operational amplifier 171 . 

[01 1 4] One terminal of the resistor 1 75 is connected to the drain of the first PMOS transistor 1 72. The other terminal 
of the resistor 175 is connected to the ground. The source of the first PMOS transistor 172 is connected to a power 
supply terminal. The gate of the first PMOS transistor 172 is connected to output terminal of the operational amplifier 

45 171. 

[0115] As for the second PMOS transistor 173, the source is connected to a power supply terminal, the gate is 
connected to the output terminal of the operational amplifier 171 , and the drain terminal is connected to the drain of 
the NMOS transistor 174. As for the NMOS transistor 174, the source is connected to the ground and the gate is 
connected to the gate of, for example, a second NMOS transistor Tr2 forming the second current source 162. The gate 
50 and the drain of the NMOS transistor 174 are short-circuited. The NMOS transistor 174 and the NMOS transistor Tr2 
form a current mirror circuit. 

[011 6] The first current source 1 61 is formed of, for example, a third PMOS transistor Tr1 . As for the PMOS transistor 
Tr1 , the source is connected to a power supply terminal, gate is connected to the output terminal of the operational 
amplifier 171 , and drain terminal is connected to one of the terminals of the first switch 166. 
55 [0117] As for the second NMOS transistor Tr2 forming the second current source 162, the source is connected to 
the ground, the drain is connected to one of the terminals of the second switch 167, and the gate is connected to the 
gate and drain of the NMOS transistor 174 of the converter circuit 107 as described above. 

[0118] The first switch 166 is controlled for its on/off switching by the output voltage Vout of the logic circuit 108, i. 
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e., the oscillation signal of the voltage controlled oscillation circuit. The second switch 167 is controlled for its on/off 
switching by a signal obtained by inverting the output voltage Vout of the logic circuit 1 08 by means of the inverter 1 65. 
As for the first switch 166 and the second switch 167, input signals for on/off control are input at phases shifted from 
each other by 180 degrees. At all times, therefore, only one of them turns on exclusively. 

5 [0119] Although not especially restricted, for example, it is assumed that the first or second switches 166 and 167 
becomes on when the on/off switching control signal is n H° level at which the potential is relatively high, and becomes 
off when the on/off switching control signal is "L" level at which the potential is relatively low 
[0120] Remaining terminals of the first and second switches 166 and 167 are connected in common to one of the 
terminals of the capacitor 1 05. The other terminal of the capacitor 1 05 is grounded. When the first switch 1 66 is closed, 

10 therefore, the second switch 167 is open and the capacitor 105 is charged due to the current of the first current source 
161. 

[0121] On the other hand, when the second switch 167 is closed, the first switch 166 is open and the capacitor 105 
is discharged due to the current dragged by the second current source 162. 

[0122] The first chopper comparator 103 includes, for example, second inverter 1 31 , OR gate 1 32, second capacitor 
is 1 33, and third through fifth switches 1 34, 1 35 and 1 36. One of the terminals of the second capacitor 1 33 is connected 
to one of the terminals of the third and fourth switches 134 and 135. The remaining terminal of the second capacitor 
133 is connected to the input terminal of the second inverter 131. 

[0123] The remaining terminal of the third switch 1 34 is connected to the terminal of the capacitor 105 which is not 
grounded. The remaining terminal of the fourth switch 1 35 is connected to a terminal to which the high reference voltage 
20 VRH is applied. 

[0124] When the third switch 1 34 is closed, therefore, the terminal voltage Vc generated by charging or discharging 
of the capacitor 105 is applied to the second capacitor 133. On the other hand, when the fourth switch 135 is closed, 
the high reference voltage VRH is applied to the second capacitor 133. 

[0125] The third switch 134 is controlled for its on/off by the clock signal 01 output from the logic circuit 108. On the 
25 other hand, the fourth switch 1 35 is controlled for its on/off by the clock signal 02 output also from the logic circuit 1 08. 
[0126] Although not especially restricted, for example, it is assumed that the third switch 1 34 becomes on when the 
clock signal <D1 is U H U level and becomes off when the clock signal 0>1 is "L" level. On the other hand, the fourth switch 
135 becomes on when the clock signal <X>2 is "H u level and becomes off when the clock signal <D2 is "L" level. 
[01 27] The output terminal of the second inverter 1 31 is connected to one of the input terminals of the OR gate 1 32. 
30 Between the input terminal and the output terminal of the second inverter 131, the fifth switch 136 is connected. In 
other words, the second inverter 131 and the fifth switch 136 are connected in parallel. 

[0128] The fifth switch 136 is controlled for its on/off by the clock signal <£2. Although not especially restricted, for 
example, it is assumed that the fifth switch 136 becomes on when the clock signal <D2 is "H" level and becomes off 
when the clock signal 02 is "L" level. 
35 [0129] When the clock signal 01 is B H" level (i.e. , when the clock signal <D2 is "L" level), therefore, the terminal voltage 
Vc of the capacitor 105 is input into the first chopper comparator 103 as the comparison voltage. The first chopper 
comparator 103 performs comparison operation on the comparison voltage on the basis of a threshold voltage VthA 
of the second inverter 131. 

[01 30] On the other hand, when the clock signal 02 is "H D level (i.e., when the clock signal 01 is "L" level), therefore, 
40 the high reference voltage VRH is input into the first chopper comparator 103, and the terminal voltage Vc of the 
capacitor 105 is not input. In this state, therefore, the first chopper comparator 103 does not perform the comparison 
operation, but assumes the auto zero state. The threshold voltage VthA of the second inverter 131 is applied to the 
one of the input terminals of the OR gate 132 and the clock signal <D2 is input into the other input terminal. 
[0131] The second chopper comparator 1 04 includes, for example, third inverter 141, NAND gate 142, third capacitor 
45 143, and sixth through eighth switches 144, 145 and 146. One of the terminals of the third capacitor 143 is connected 
to one of the terminals of the sixth and seventh switches 144 and 145. The remaining terminal of the third capacitor 
143 is connected to input terminal of the third inverter 141 . The remaining terminal of the sixth switch 144 is connected 
to one of the terminals of the capacitor 105 which is not grounded. The remaining terminal of the seventh switch 145 
is connected to a terminal to which the low reference voltage VRL is applied. 
50 [0132] When the sixth switch 144 is closed, therefore, the terminal voltage Vc of the capacitor 105 is applied to the 
third capacitor 143. On the other hand, when the seventh switch 145 is closed, the low reference voltage VRL is applied 
to the third capacitor 143. The sixth switch 144 is controlled for its on/off by the clock signal <£2. On the other hand, 
the seventh switch 145 is controlled for its on/off by the clock signal 0>1 . 

[01 33] Although not especially restricted, for example, it is assumed that the sixth switch 1 44 becomes on when the 
55 clock signal 02 is n H" level and becomes off when the clock signal <D2 is V level. On the other hand, the seventh 
switch 145 becomes on when the clock signal <X>1 is n H° level, and off when the clock signal <X>1 is "L" level. 
[0134] The output terminal of the third inverter 141 is connected to one of the input terminals of the NAND gate 142. 
Between the input terminal and the output terminal of the third inverter 141, the eighth switch 146 is connected. In 
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other words, the third inverter 141 and the eighth switch 146 are connected in parallel. 

[0135] The eighth switch 146 is controlled for its on/off by the clock signal 01 . Although not especially restricted, for 
example, it is assumed that the eighth switch 146 becomes on when the clock signal 01 is TT level and becomes off 
when the clock signal <D1 is 1" level. 
s [01 36] When the clock signal 0>2 is "H" level (i.e., when the clock signal <D1 is V level), therefore, the terminal voltage 
Vc of the capacitor 105 is input into the second chopper comparator 104 as the comparison voltage. The second 
chopper comparator 1 04 performs comparison operation on the comparison voltage on the basis of a threshold voltage 
VthB of the third inverter 1 41 . 

[01 37] On the other hand, when the clock signal 4»1 is u H n level (i.e. , when the clock signal <D2 is V level), therefore, 
10 the low reference voltage VRL is input into the second chopper comparator 104, and the terminal voltage Vc of the 
capacitor 1 05 is not input. In this state, therefore, the second chopper comparator 1 04 does not perform the comparison 
operation, but assumes the auto zero state. The threshold voltage VthB of the third inverter 141 is applied to one of 
the input terminals of the N AND gate 1 42 and the clock signal <D2 is input into the remaining input terminal of the NAND 
gate 142. 

is [0138] The logic circuit 8 includes second and third NAND gates 181 and 182, delay circuit 183, and fourth inverter 
184. The second and third NAND gates 181 and 182 form a latch circuit for latching the output signal of the OR gate 

1 32 of the first chopper comparator 103 and the output signal of the NAND gate 1 42 of the second chopper comparator 
104. 

[0139] One of the input terminals of the second NAND gate 181 is connected to the output terminal of the OR gate 
20 132 of the first chopper comparator 103. Remaining input terminal of the second NAND gate 181 is connected to the 
output terminal of the third NAND gate 182. On the other hand, one of the input terminals of the third NAND gate 182 
is connected to the output terminal of the NAND gate 142 of the second chopper comparator 104. Remaining input 
terminal of the third NAND gate 182 is connected to the output terminal of the second NAND gate 181. 
[0140] The third NAND gate 182 outputs the output voltage Vout serving as the oscillation signal of the voltage 
25 controlled oscillator circuit to the outside. The third NAND gate 182 also outputs the output voltage Vbut to the first and 
second switches 1 66 and 1 67 and to the delay circuit 1 83 as well. The delay circuit 1 83 delays the output voltage tout 
by a predetermined time (where the delay time is TD), and outputs the delayed Vbut as a clock signal 0>1 . 
[0141] The clock signal <D1 is inverted by the fourth inverter 184, and output as a clock signal 0>2. Therefore, the 
second and third NAND gates (latch circuit), the delay circuit 1 83, and the fourth inverter 1 84 have a function of a clock 
30 signal generator circuit. 

[0142] Operation of the voltage controlled oscillator circuit having the above described configuration will now be 
described by referring to Fig. 25. In the first chopper comparator 103, voltage changes at a node between one of the 
terminals of the capacitor 133 and the switches 134 and 135, node between the remaining terminal of the capacitor 

1 33 and the input terminal of the inverter 1 31 , and a node between the output terminal of the inverter 1 31 and the input 
35 terminal of the OR gate 1 32 are shown in Fig. 25 as VA1 , VA2 and VA3, respectively. Further, output voltage change 

of the OR gate 132 is shown as a voltage change of a node A shown in Fig. 24. 

[0143] In the second chopper comparator 104, voltage changes at a node between one of the terminals of the ca- 
pacitor 143 and the switches 144 and 145, a node between the remaining terminal of the capacitor 143 and the input 
terminal of the inverter 141, and a node between the output terminal of the inverter 141 and the input terminal of the 
40 NAND gate 142 are shown in Fig. 25 as VB1 , VB2 and VB3, respectively. Further, output voltage change of the NAND 
gate 1 42 is shown as a voltage change of a node B shown in Fig. 24. 

[0144] If the delay time TD of the delay circuit 183 has elapsed (at time T22) since switching of the output voltage 
Vout from "H" level to "L" level (at time T21 ), then the clock signal <D1 switches from °H" level to V level. Further, the 
clock signal 02 switches from "L" level to "H" level. The second chopper comparator 104 assumes the state for per- 

45 forming the comparison operation. On the other hand, the first chopper comparator 1 03 assumes the auto zero state. 
[01 45] I n the auto zero state, the f i rst chopper comparator 1 03 stores a potential difference AVA between the threshold 
voltage VthA of the inverter 1 31 in the comparator 103 and the high reference voltage VRH across the capacitor 1 33 
in preparation for the next comparison operation. On the other hand, in the second chopper comparator 1 04, a voltage 
VB1 at one of the terminals of the capacitor 143 connected to the capacitor 105 side becomes Vc. 

so [01 46] Furthermore, in the second chopper comparator 1 04, a potential difference AVB between the threshold voltage 
VthB of the inverter 1 41 in the comparator 104 and the low reference voltage VRL has been stored across the capacitor 
143 in the immediately preceding auto zero state. At time T22, therefore, a voltage VB2 at the remaining terminal of 
the capacitor 143 connected to the inverter 141 side becomes Vc + AVB. 

[0147] As the terminal voltage Vc of the capacitor 105 is lowered by discharging of the capacitor 105, VB1 and VB2 
55 also fall. Thus, when Vc reaches the low reference voltage VRL, i.e., when Vc = VRL is satisfied, the voltage VB2 
becomes equal to the threshold voltage VthB of the inverter 141 as represented by the following equation (9). 
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VB2 = Vc + AVB = Vc + (VthB - VRL) = VthB (9) 

[0148] The inverter 1 41 is inverted in logic after a slight operation delay (at time T23) . The output (VB3) of the inverter 
s 141 switches from n L° level to "H" level. As a result, the output of the comparator 104, i.e., the voltage level at the node 
B is inverted. Since the latch circuit is thus set, the logic of the output voltage Vout output from the latch circuit is also 
inverted from "L" level to "H" level. 

[0149] Upon switching of the output voltage Vout from V level to "IT level at the time T23, the clock signal <D1 
switches from K L" level to U H H level when the delay time TD of the delay circuit 183 has elapsed (at time T24) since the 
io time T23. At this time, the clock signal d>2 switches from "H" level to "L" level. The second chopper comparator 104 is 
thus switched to the auto zero state. On the contrary, the first chopper comparator 103 assumes the comparison 
operation state. 

[0150] In the auto zero state, the second chopper comparator 104 stores a potential difference AVB between the 
threshold voltage VthB of the inverter 1 41 in the comparator 1 04 and the low reference voltage VRL across the capacitor 
is 143 in preparation for the next comparison operation. On the other hand, in the first chopper comparator 103, a voltage 
VA1 at the terminal of the capacitor 133 connected to the capacitor 105 side becomes Vc. 

[0151] Furthermore, in the first chopper comparator 103, a potential difference AVA between the threshold voltage 
VthA of the inverter 1 31 in the comparator 1 03 and the high reference voltage VRH has been stored across the capacitor 
133 in the immediately preceding auto zero state. At time T24, therefore, a voltage VA2 at the other terminal of the 
20 capacitor 1 33 connected to the inverter 1 31 side becomes Vc + AVA. 

[0152] As the terminal voltage Vc of the capacitor 105 is raised by charging of the capacitor 1 05, VA1 and VA2 also 
rise. This, when Vc reaches the high reference voltage VRH, i.e., when Vc = VRH is satisfied, the voltage VA2 becomes 
equal to the threshold voltage VthA of the inverter 131 as represented by the following equation (10). 

25 

VA2 = Vc + AVA = Vc + (VthA - VRH) = VthA (1 0) 

[0153] The inverter 1 31 is inverted in logic after a slight operation delay (at time T25) . The output (VA3) of the inverter 
1 31 switches from "H" level to "L n level. As a result, the output of the comparator 1 03, i.e., the voltage level at the node 
30 a is inverted. Since the latch circuit is thus reset, the logic of the output voltage Vout output from the latch circuit is 
also inverted from M H U level to "L" level. The voltage controlled oscillation circuit shown in Fig. 24 repeats the above 
described operation. 

[0154] As heretofore described in detail, the third embodiment uses the first and second chopper comparators 103 
and 104. The delay time of a typical chopper comparator is approximately one tenth the delay time of a conventional 
35 differential comparator, i.e., approximately a few ns. Therefore, the voltage controlled oscillator circuit can be operated 
at higher speed. Thus, a voltage controlled oscillator capable of operating faster than the conventional voltage controlled 
oscillator is obtained. 

[0155] For example, assuming that the delay time of the first and second chopper comparators 1 03 and 1 04 is 5 ns, 
which is one tenth the delay time (50 ns) of a typical differential comparator, in calculation, therefore, the upper limit 
40 of the oscillation frequency of the voltage controlled oscillator circuit according to the present embodiment becomes 
approximately 200 MHz. In the actual circuit design, therefore, the oscillation frequency can be set up to approximately 
100 MHz. Thus, as compared with the conventional technique, the upper limit of the oscillation frequency can be 
increased by approximately ten times. 

[01 56] Furthermore, in the above described third embodiment, the clock signals <D1 and <D2 for switching the operation 
45 states, i.e., the comparison operation state and the auto zero state of the first and second chopper comparators 103 
and 104 are generated on the basis of the oscillation signal of the voltage controlled oscillator circuit. Therefore, op- 
eration of the comparators 103 and 104 is switched at high precision. As a result, a voltage controlled oscillator circuit 
which oscillates at high precision and high frequency is obtained. In the foregoing description, the present invention is 
not limited to the above described embodiments, but various design changes are possible. 
so [0157] In the present invention, inverter is used as the comparator, and threshold voltage of the inverter is controlled 
by the control circuit. As a result, a comparator capable of performing faster, more accurate and continuous comparison 
operation is obtained. 

[0158] Furthermore, according to the present invention, the comparison voltage based upon the control voltage for 
controlling the oscillation frequency of the voltage controlled oscillator circuit is compared with the reference voltage 
55 by using a faster chopper comparator. As a result, a faster voltage controlled oscillator circuit is obtained. 

[0159] Although the invention has been described with respect to a specific embodiment for a complete and clear 
disclosure, the appended claims are not to be thus limited but are to be construed as embodying all modifications and 
alternative constructions that may occur to one skilled in the art which fairly fall within the basic teaching herein set forth. 



14 



EP 1 058 385 A2 



Claims 

1 . A comparator comprising: 

an inverter which compares a voltage input from outside with a threshold voltage and outputs the result of the 
comparison as an output voltage; 

a dummy inverter having a threshold voltage which is equal to or substantially equal to the threshold voltage 
of said inverter; and 

a control circuit which detects the threshold voltage of said dummy inverter and based upon the result of this 
detection controls the threshold voltages of said inverter and said dummy inverter. 

2. The comparator according to claim 1 , 

wherein each of said inverter and said dummy inverter comprises a PMOS transistor and an NMOS transistor, 
and 

the threshold voltages of said inverter and said dummy inverter are controlled by controlling the back gate 
voltage of said PMOS transistor and/or the back gate voltage said NMOS transistor using the control signal 
output from said control circuit. 

3. The comparator according to claim 1 or claim 2, 

wherein each of said inverter and said dummy inverter is formed by connecting a second PMOS transistor 
and a second NMOS transistor in series to the sources of a PMOS transistor and an NMOS transistor func- 
tioning as an inverter, and 

the threshold voltages of said inverter and said dummy inverter are controlled by controlling a gate voltage of 
said second PMOS transistor and a gate voltage of said second NMOS transistor using the control signals 
output from said control circuit. 

4. The comparator according to any of claims 1 to 3, 

wherein said control circuit comprises a differential amplifier circuit which outputs a difference between the 
output voltage of said dummy inverter and an external reference voltage as a control signal for controlling the 
threshold voltages of said inverter and said dummy inverter, and 

said control circuit is configured so as to input the output voltage of said dummy inverter to said dummy inverter 
as it is. 

5. The comparator according to any of claims 1 to 4, wherein said control circuit comprises, 

an alternating current signal generator circuit which generates an alternating current signal and outputs the 
alternating current signal to said dummy inverter; 

an internal comparator which compares the alternating current signal generated by said alternating current 
signal generator circuit with an external reference voltage; and 

a differential amplifier circuit which outputs a difference between a direct current component of the output 
voltage of said internal comparator and a direct current component of the output voltage of said dummy inverter 
as a control signal for controlling the threshold voltages of said inverter and said dummy inverter. 

6. A voltage controlled oscillator circuit comprising: 

a first chopper comparator supplied with a reference voltage having a relatively high potential level, the first 
chopper comparator assuming a comparison operation state in response to a rise of a comparison voltage 
depending upon the input voltage and assuming an auto zero state in response to a fall of the comparison 
voltage; 

a second chopper comparator supplied with a reference voltage having a relatively low potential level, the 
second chopper comparator assuming an auto zero state in response to a rise of the comparison voltage and 
assuming a comparison operation state in response to a fall of the comparison voltage; and 
an output switching circuit which switches the output voltage from a first potential level to a second potential 
level in response to the elapsing of a delay time of said first chopper comparator after excess of the comparison 
voltage over the reference voltage of said first chopper comparator, and switches the output voltage from the 
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second potential level to the first potential level in response to the elapsing of a delay time of said second 
chopper comparator after falling of the comparison voltage below the reference voltage of said second chopper 
comparator. 

The voltage controlled oscillator circuit according to claim 6, wherein said first chopper comparator and said second 
chopper comparator are switched from the comparison operation state to the auto zero state and vice versa in 
synchronism with the voltage output from said output switching circuit. 

The voltage controlled oscillator circuit according to claim 7, further comprising a logic circuit for generating a clock 
signal in synchronism with the voltage output from said output switching circuit, 

wherein said clock signal is delayed by a predetermined time as compared with the voltage output from said 
output switching circuit, an operation state of said first chopper comparator is controlled by the clock signal, and 
an operation state of said second chopper comparator is controlled by an inversion signal of the clock signal. 

The voltage controlled oscillator circuit according to 'any of claims 6 to 8, further comprising, 

a current source; 

a converter circuit which controls said current source so as to generate a current proportionate to the input 
voltage; and 

a capacitor which is charged or discharged based on the current from said current source and generates the 
comparison voltage based on the charging or discharging. 
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